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(54) Electric motor with passive integral brake

(57) An electric motor (102) with passive integral
brake (104) includes a stator (204) with one or more mag-
netic field controllable coils (206) and a rotor (208) with
a rotor shaft (210) positioned within an inner diameter
(212) of the stator (204). The rotor (208) is operable to
rotate about a longitudinal axis (214) of the rotor shaft
(210). The electric motor (102) with passive integral
brake (104) also includes a brake shoe (302) positioned

within the inner diameter (212) of the stator (204) along
the longitudinal axis (214) of the rotor shaft (210). The
brake shoe (302) is operable to apply a braking force to
the rotor shaft (210) and remove the braking force from
the rotor shaft (210) responsive to a magnetic field
strength produced by the one or more magnetic field con-
trollable coils (206). One or more springs (220) passively
apply the braking force.
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Description

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein generally
relates to electro-mechanical systems, and more partic-
ularly to an electric motor with a passive integral brake.
[0002] Certain applications for electro-mechanical ac-
tuators require that an electro-mechanical actuator hold
a load in a stationary position after electrical power to
operate the electro-mechanical actuator has been re-
moved. One approach to holding a stationary position
absent electrical power is the use of a friction device that
drags at all times. Examples of friction devices include
friction pads, ball ramps, heavily pre-loaded rolling ele-
ment bearings, and skewed roller bearings. The ever-
present drag produced by these friction devices typically
requires over sizing of the drive motor and reduces ac-
tuator efficiency.
[0003] Using an actively controlled brake can alleviate
the inefficiency associated with a continuously dragging
brake; however, the actively controlled brake adds com-
plexity by requiring a control system for operation. Some
actively controlled brakes use electrical power to engage
the brake, while others use additional electrical power to
release the brake. The inclusion of an actively controlled
brake in an electro-mechanical actuation system also in-
creases the overall size and weight of the system, and
may demand additional electrical power to set and re-
lease the actively controlled brake.

BRIEF DESCRIPTION OF THE INVENTION

[0004] According to one aspect of the invention, an
electric motor with passive integral brake is provided. The
electric motor with passive integral brake includes a sta-
tor with one or more magnetic field controllable coils and
a rotor with a rotor shaft positioned within an inner diam-
eter of the stator. The rotor is operable to rotate about a
longitudinal axis of the rotor shaft. The electric motor with
passive integral brake also includes a brake shoe posi-
tioned within the inner diameter of the stator along the
longitudinal axis of the rotor shaft. The brake shoe is op-
erable to apply a braking force to the rotor shaft and re-
move the braking force from the rotor shaft responsive
to a magnetic field strength produced by the one or more
magnetic field controllable coils.
[0005] According to a further aspect of the invention,
an electro-mechanical system is provided. The electro-
mechanical system includes a mechanical actuator, a
gear train coupled to the mechanical actuator, and an
electric motor with passive integral brake coupled to the
gear train. The electric motor operably provides a me-
chanical force through the gear train to apply and stop
mechanical movement of the mechanical actuator,
where the passive integral brake is positioned within the
electric motor and is magnetically controlled.
[0006] According to yet another aspect of the inven-

tion, a method for producing passive integral braking in
an electric motor is provided. The method includes posi-
tioning a rotor with a rotor shaft within an inner diameter
of a stator. The stator includes one or more magnetic
field controllable coils. The rotor is operable to rotate
about a longitudinal axis of the rotor shaft. The method
further includes positioning a brake shoe within the inner
diameter of the stator along the longitudinal axis of the
rotor shaft. The method also includes applying a braking
force between the brake shoe and the rotor shaft respon-
sive to a magnetic field strength produced by the one or
more magnetic field controllable coils being below a
threshold value. The method additionally includes re-
moving the braking force between the brake shoe and
the rotor shaft responsive to the magnetic field strength
being above the threshold value.
[0007] These and other advantages and features will
become more apparent from the following description
taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The subject matter which is regarded as the in-
vention is particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features, and advantages of the in-
vention are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings in which:
[0009] FIG. 1 illustrates an exemplary embodiment of
an electro-mechanical system including an electric motor
with passive integral brake;
[0010] FIG. 2 is side cutaway view of the electric motor
with passive integral brake of FIG. 1; and
[0011] FIG. 3 is front cutaway view of the electric motor
with passive integral brake of FIGS. 1 and 2.
[0012] The detailed description explains embodiments
of the invention, together with advantages and features,
by way of example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The invention as described in greater detail
herein provides a passive, spring set, brake that is inte-
grated into an electric motor assembly. The electric motor
assembly may be integrated with a mechanical actuator
to form an electro-mechanical actuator with a passive
integral brake. The passive integral brake prohibits rota-
tion of a rotor in the electric motor when electrical power
is removed from the electric motor.
[0014] FIG. 1 illustrates an exemplary embodiment of
an electro-mechanical system 100 including an electric
motor 102 with passive integral brake 104. The electro-
mechanical system 100 also includes a mechanical ac-
tuator 106 and a gear train 108 coupled to the mechanical
actuator 106. The electro-mechanical system 100 may
further include a position feedback apparatus 110 to en-
able closed-loop control of the mechanical actuator 106.
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The electric motor 102 is also coupled to the gear train
108, operably providing a mechanical force through the
gear train 108 to apply and stop mechanical movement
of the mechanical actuator 106. The passive integral
brake 104 is positioned within the electric motor 102 and
is magnetically controlled. A resolver 112 can be used
to provide motor position feedback and control commu-
tation in the electric motor 102 through electrical connec-
tor 114. The electro-mechanical system 100 may be
packaged in a housing to form an integrated electro-me-
chanical actuator capable of holding a load in a stationary
position after electrical power to operate the electro-me-
chanical actuator has been removed.
[0015] FIG. 2 is side cutaway view of the electric motor
102 with passive integral brake 104 of FIG. 1. Within a
motor assembly housing 202, the electric motor 102 in-
cludes a stator 204 with one or more magnetic field con-
trollable coils 206. The electric motor 102 also includes
a rotor 208 with a rotor shaft 210 positioned within an
inner diameter 212 of the stator 204. The rotor 208 is
operable to rotate about a longitudinal axis 214 of the
rotor shaft 210. The rotor may also include a permanent
magnet 216 to interact with a magnetic field produced by
the one or more magnetic field controllable coils 206,
resulting in the rotor shaft 210 rotating about the longitu-
dinal axis 214.
[0016] The passive integral brake 104 includes one or
more brake shoes 218 positioned within the inner diam-
eter 212 of the stator 204 along the longitudinal axis 214
of the rotor shaft 210. The one or more brake shoes 218
are operable to apply a braking force to the rotor shaft
210 and remove the braking force from the rotor shaft
210 responsive to a magnetic field strength produced by
the one or more magnetic field controllable coils 206.
One or more springs 220 coupled to the one or more
brake shoes 218 passively apply the braking force be-
tween the one or more brake shoes 218 and the rotor
shaft 210 absent the magnetic field strength exceeding
a threshold level to attract the one or more brake shoes
218 to the inner diameter 212 of the stator 204. The one
or more brake shoes 218 are coupled to one or more
pivots 222 to control movement of the one or more brake
shoes 218.
[0017] When sufficient magnetic force exists between
the one or more brake shoes 218 and the one or more
magnetic field controllable coils 206 such that the mag-
netic field strength is above the threshold level, the com-
pressive force of the one or more springs 220 is over-
come, and the one or more brake shoes 218 rotate about
the one or more pivots 222 toward the inner diameter
212 of the stator 204, thereby releasing the braking force
from the rotor shaft 210. When the magnetic field strength
is below the threshold level, the compressive force of the
one or more springs 220 exceeds the magnetic force
between the one or more brake shoes 218 and the one
or more magnetic field controllable coils 206, resulting in
the one or more brake shoes 218 rotating about the one
or more pivots 222 towards the rotor shaft 210 and ap-

plying the braking force.
[0018] In exemplary embodiments, the one or more
brake shoes 218 are each constructed of a plurality of
laminated ferromagnetic layers. Using laminated ferro-
magnetic layers, such as steal laminations, rather than
solid body construction may better mitigate heating is-
sues to prevent overheating of the one or more brake
shoes 218. The ferromagnetic material in the one or more
brake shoes 218 enables the one or more brake shoes
218 to be magnetically attracted to the magnetic field
produced by the one or more magnetic field controllable
coils 206. In contrast, the one or more springs 220 are
non-ferromagnetic to prevent the one or more springs
220 from being attracted to the one or more magnetic
field controllable coils 206.
[0019] FIG. 3 is front cutaway view of the electric motor
102 with passive integral brake 104 of FIGS. 1 and 2.
FIG. 3 again illustrates the stator 204 with one or more
magnetic field controllable coils 206 within the motor as-
sembly housing 202. FIG. 3 also depicts the rotor shaft
210 positioned within the inner diameter 212 of the stator
204, and the one or more brake shoes 218 coupled to
one or more springs 220 and one or more pivots 222. In
the example of FIG. 3, the one or more brake shoes 218
are depicted as a first brake shoe 302 and a second brake
shoe 304. Friction material 306 and 308 on the first and
second brake shoes 302 and 304 apply the braking force
to the rotor shaft 210 when the one or more springs 220
are compressed.
[0020] As can be seen in Figs. 2 and 3, the one or more
brake shoes 218 are positioned at a location along the
longitudinal axis of the rotor shaft which is displaced from
the location of the permanent magnet 216. The brake
shoes(s) 218 are disposed generally circumferentially
around the rotor shaft 210.
[0021] By positioning the rotor 208 with rotor shaft 210
within the inner diameter 212 of stator 204, and position-
ing the first and second brake shoes 302 and 304 within
the inner diameter 212 of the stator 204 along the longi-
tudinal axis 214 of the rotor shaft 210, the braking force
can be passively applied between the first and second
brake shoes 302 and 304 and the rotor shaft 210 respon-
sive to the magnetic field strength produced by the one
or more magnetic field controllable coils 206 being below
a threshold value. The braking force between the first
and second brake shoes 302 and 304 and the rotor shaft
210 can be removed responsive to the magnetic field
strength being above the threshold value, as the one or
more brake shoes 218 are attracted to the inner diameter
212 of the stator 206.
[0022] Although the example of FIG. 3 depicts the first
and second brake shoes 302 and 304 with two separate
pivots 222 and coupled by two springs 220, it will be un-
derstood that other variations are included within the
scope of the invention. For example, a single brake shoe
302 or 304 can be coupled to a single spring 220, where
the single spring 220 is anchored to the stator 206. As
another alternative, the first and second brake shoes 302
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and 304 can be coupled to a single pivot 222. Multiple
instances of the passive integral brake 104 can be in-
cluded within the electric motor 102 for redundancy,
staged braking, and/or load distribution.
[0023] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the scope of the invention as defined by
the claims. Additionally, while various embodiments of
the invention have been described, it is to be understood
that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention
is not to be seen as limited by the foregoing description,
but is only limited by the scope of the appended claims.

Claims

1. An electric motor (102) with passive integral brake
(104) wherein the passive integral brake (104) is po-
sitioned within the electric motor (102) and is mag-
netically controlled.

2. The electric motor (102) with passive integral brake
(104) of claim 1, comprising:

a stator (204) comprising one or more magnetic
field controllable coils (206);
a rotor (208) comprising a rotor shaft (210) po-
sitioned within an inner diameter (212) of the
stator (204), the rotor (208) being operable to
rotate about a longitudinal axis (214) of the rotor
shaft (210); and
a brake shoe (302) positioned within the inner
diameter (212) of the stator (204), the brake
shoe (302) being operable to apply a braking
force to the rotor shaft (210) and remove the
braking force from the rotor shaft (210) respon-
sive to a magnetic field strength produced by
the one or more magnetic field controllable coils
(206).

3. The electric motor (102) with passive integral brake
(104) of claim 2 further comprising:

one or more springs (220) coupled to the brake
shoe (302) passively applying the braking force
between the brake shoe (302) and the rotor shaft
(210) absent the magnetic field strength exceed-
ing a threshold level to attract the brake shoe
(302) to the inner diameter (212) of the stator
(204).

4. The electric motor (102) with passive integral brake

(104) of claim 2 or 3 further comprising:

a second brake shoe (304) positioned within the
inner diameter (212) of the stator (204), wherein
the brake shoe (302) and the second brake shoe
(304) are coupled to one or more pivots (222).

5. The electric motor (102) with passive integral brake
(104) of claim 4 wherein the brake shoe (302) and
the second brake shoe (304) are comprised of a plu-
rality of laminated ferromagnetic layers.

6. The electric motor (102) with passive integral brake
(104) of claim 6 and claim 4 or 5 wherein the brake
shoe (302) and the second brake shoe (304) are
further coupled together by the one or more springs
(220).

7. The electric motor (102) with passive integral brake
(104) of claim 6 wherein the one or more springs
(220) are non-ferromagnetic.

8. An electro-mechanical system (100) comprising:

a mechanical actuator (106);
a gear train (108) coupled to the mechanical ac-
tuator (106); and
an electric motor (102) with passive integral
brake (104) as claimed in any preceding claim
coupled to the gear train (108), the electric motor
(102) operably providing a mechanical force
through the gear train (108) to apply and stop
mechanical movement of the mechanical actu-
ator (106).

9. A method for passive integral braking in an electric
motor (102), comprising:

positioning a rotor (208) comprised of a rotor
shaft (210) within an inner diameter (212) of a
stator (204), the stator (204) comprising one or
more magnetic field controllable coils (206), and
the rotor (208) being operable to rotate about a
longitudinal axis (214) of the rotor shaft (210);
positioning a brake shoe (302) within the inner
diameter (212) of the stator (204);
applying a braking force between the brake shoe
(302) and the rotor shaft (210) responsive to a
magnetic field strength produced by the one or
more magnetic field controllable coils (206) be-
ing below a threshold value; and
removing the braking force between the brake
shoe (302) and the rotor shaft (210) responsive
to the magnetic field strength being above the
threshold value.

10. The method of claim 9 further comprising:
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coupling one or more springs (220) to the brake
shoe (302), the one or more springs (220) pas-
sively applying the braking force between the
brake shoe (302) and the rotor shaft (210) re-
sponsive to the magnetic field strength being be-
low the threshold value, wherein the brake shoe
(302) is attracted to the inner diameter (212) of
the stator (204) responsive to the magnetic field
strength being above the threshold value.

11. The method of claim 9 or 10 further comprising:

positioning a second brake shoe (304) within the
inner diameter (212) of the stator (204) along
the longitudinal axis (214) of the rotor shaft
(210); and
coupling the brake shoe (302) and the second
brake shoe (304) to one or more pivots (222).

12. The method of claim 11 wherein the brake shoe (302)
and the second brake shoe (304) are comprised of
a plurality of laminated ferromagnetic layers.

13. The method of claim 10 and claim 11 or 12 further
comprising:

coupling the brake shoe (302) and the second
brake shoe (304) together by the one or more
springs (220).

14. The method of claim 13 wherein the one or more
springs (220) are non-ferromagnetic.
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